Minimal supergravity mediation of supersymmetry breaking has attracted much attention due to its simplicity, which leads to its predictive power. We consider how Nature possibly realizes minimal supergravity through inflationary selection of the theory. Minimality is impressively consistent with the present observational bounds and it might be tested with the aid of low-energy soft parameters obtained in future experiments.
Introduction
The minimal supergravity (mSUGRA) [1] is a very interesting framework, since it has definite predictions on low-energy physics, which are well consistent with the present observations. In particular, the absence of flavor-changing neutral currents (FCNC's) in the present experimental precisions is one of the predictions of mSUGRA. If mSUGRA is (approximately 1 ) realized in truth, we wonder the reason of its selection by Nature, since it seems no more symmetric than nonminimal supergravity in the presence of a nontrivial superpotential, as is the case for the standard model of elementary particles.
In this paper, we point out that supergravity effective theory with a large cutoff scale M * (> M G ) may be chosen by inflationary selection of background vacuum structures [2] , which implies a specific type of mSUGRA theory. Here, M G is the reduced Planck scale,
GeV. The large cutoff suggests relatively small gaugino masses, which in turn indicate masses of squarks as large as a few TeV. In this parameter region, the mass of the lightest Higgs boson is easily raised up to the current experimental limit. In spite of the large stop mass, we may naturally obtain the breaking scale of electroweak symmetry at O(100)GeV [3, 4] due to renormalization group (RG) focus point behavior [5] of a supersymmetry (SUSY) breaking soft mass of a Higgs boson.
The large-cutoff theories might be realized in various corners of theory moduli space, or (string [6, 7] ) landscape. We do not specify concrete construction of such theories but simply assume their presence. The task in this paper is not to achieve constructive realization of the large cutoff but to seek a plausible way to select it among vast possibilities on the landscape.
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The rest of the paper goes as follows. In the next section, we consider possible inflationary selection of minimality in supergravity. In section 3, we specify plausible boundary conditions on gravity mediation of SUSY breaking. In section 4, low-energy phenomenology is investigated by means of RG analysis. Section 5 is devoted to conclusions and discussion. 1 We use the term mSUGRA in an approximate sense and do not mean the strictly minimal Kähler potential in this paper.
2 See the conclusion in Ref. [8] .
Possible Inflationary Selection
We are led by the following question: what is expected beyond the standard model 3 as a typical structure of the natural laws? We here consider inflationary selection of background vacuum structures [2] and dwell on mediocrity principle, which may prefer flatter inflaton potential [7, 9] .
For concreteness of presentation, let us adopt a simplest case of supergravity inflation model [10, 11] as an example. Namely, we consider a single-superfield model for slow-roll inflation. In terms of a single chiral superfield φ, an inflaton ϕ can be provided by √ 2 times the real part of its lowest component. We adopt a natural superpotential
and a generic Kähler potential
where v 2 , y, κ > 0 and the ellipsis denotes higher-order terms, which may be disregarded.
Here and henceforth in this section, we have taken the unit with a cutoff scale M * equal to one. Note that the small scale v 2 can be generated dynamically [10, 12] .
The potential for the lowest component φ is given in supergravity by
cutoff M * compared to the gravitational scale M G . It leads to a particular pattern of effective Lagrangian parameters, whose details will be given in the following sections.
In the remainder of this section, let us further see possible implications of the large cutoff M * ≃ 4πM G on inflationary selection of background vacua. For that purpose, we consider multiple succession of inflations with each inflationary stage naturally preparing the initial conditions for the next stage [16] . The background vacua with multiple inflations seem to constitute remarkable ingredients in inflationary selection, based on which we seek a typical structure of the natural laws.
The point is that the tuning of the scale M G might simultaneously realize successive inflations which are favorable according to mediocrity principle. This is to be contrasted to multiple tunings of each coupling (κ in the above example) corresponding to each inflaton potential.
In the theory (moduli) space, the background vacua (i.e. particular theories) with small Kähler couplings and/or small gravitational scale may induce inflation and be realized in Nature, which is at the heart of the inflationary selection.
Plausible Minimality
Motivated by the discussion in the previous section, we assume a large cutoff M * at an input scale Q 0 , below which we adopt the RG equations of the minimal supersymmetric standard model. This hypothesis leads to mSUGRA theory, since the large cutoff suppresses higher dimensional operators in the Kähler potential. Before we explore lowenergy implications of our large-cutoff hypothesis in the next section, let us set more detailed RG boundary conditions at the input scale 7 around M G for gravity mediation of SUSY breaking.
As usual, the minimal Kähler potential generates a universal soft SUSY breaking mass for chiral multiplets m scalar = m 0 . The universal scalar mass m 0 results in the universality though the size of the radiative corrections may be sensitive to the structure of ultraviolet physics [15] and beyond the scope of effective theory approach. 7 We utilize the input scale Q 0 = M G or Q 0 = M GUT on occasion postulating that the ultraviolet contributions of RG above the so-called GUT scale M GUT ≃ 2 × 10 16 GeV are not significant.
of the scalar masses of squarks and sleptons in the first two generations providing a solution to the FCNC problem.
This minimality will be tested in the next generation accelerator experiments by examining spectra of the squarks and sleptons for m 0 < O(10)TeV. Hence we restrict our attention to this range in this paper. In order to attain sizable gaugino masses
we adopt a singlet chiral superfield Z (Polonyi field) [17] with its F term as the dominant SUSY breaking source in the hidden sector of gravity mediation. Note that the SUSY breaking scale can be generated dynamically without its cosmological problem [12, 18] .
Then we obtain
where W iα and f i (i = 1, 2, 3) denote field strength chiral superfields for gauge multiplets and their order one coefficients, respectively, and Z has a SUSY-breaking F term as 
is not so implausible within a well-controlled expansion on Z/M G in supergravity effective theory.
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So far, we have concentrated on the SUSY breaking parameters in mSUGRA. By virtue of the Polonyi field, we also naturally obtain the supersymmetric Higgs mixing parameter 8 The potential in supergravity has the e
Note that such a range of the A 0 parameter is adequate to avoid color symmetry breaking.
µ of the electroweak order: the µ term can be provided through the Giudice-Masiero (GM) term [19] in the Kähler potential
which relates µ to the SUSY breaking parameters, where H u,d denote the up-type and down-type Higgs superfields. Then the parameter µ is expected to be of the same order of the gaugino masses:
This GM term yields a specific form of the so-called B term, 9 which is given explicitly in section 4.2.
Low-Energy Phenomenology
In the previous section, we have proposed specific mSUGRA boundary conditions: 
Consistency of the electroweak symmetry breaking
With large tan β, the scale of electroweak symmetry breaking tends to be controlled by the value of a SUSY breaking soft mass parameter m 2 Hu (see Eq.(13) below) at a relevant scale for the electroweak physics, to be called the electroweak scale. 9 Our convention for the Higgs mass parameters is given in the Appendix. 10 This hierarchy is natural in the large-cutoff theory with M * ≃ 4πM G , whereas it requires at least O(M 2 G /M 2 * ) tuning (implemented by some flavor symmetry) in the ordinary mSUGRA theory with M G as a cutoff scale, even if we presuppose minimality to put aside the corresponding tuning.
In mSUGRA, the running value of the parameter m 2 Hu is related to the original parameters m 0 , M i , and A 0 by
where the coefficients a − d i are scale-dependent functions of dimensionless gauge and Yukawa coupling constants. 11 As discussed in Refs. [3, 4, 5] , the coefficients a and c are of order 10 −2 − 10 −1 at the electroweak scale for the pole mass of the top quark m t ≃ 170 − 180 GeV, which results in the RG focus point behavior.
The smallness of the coefficient a comes from a cancellation between m at the input scale Q 0 and RG contributions at the renormalization scale Q:
where the subscripts Q 3 and U 3 represent an SU(2) L doublet quark and a singlet uptype quark, respectively, in the third family, and y t denotes the top Yukawa coupling constant. 12 In the first equation above, we use the fact e L(Q) ≃ 1/3 at the electroweak scale for m t ≃ 170 GeV.
On the other hand, the smallness of the coefficient c can be traced to the RG evolutions of (scalar) 3 coupling constants A i · y i (i = t, b, τ ). As the renormalization scale is lowered from the input scale Q 0 , the A i 's become small exponentially from A 0 and the contributions from the A terms to the RG evolution of m In Fig.1 , we show the m 0 dependence of m 11 Approximate analytical expressions for the coefficients a − d i can be found in Ref. [20] , for instance. 12 Here, we assume that the bottom Yukawa coupling constant y b is negligible compared to y t . Even if y b ≃ y t , the m 0 insensitivity of m 2 Hu is valid, although the RG contribution from the bottom-type squark becomes important [5] . In the SSM, the parameter µ is related to the Z 0 boson mass m Z 0 by minimizing the effective Higgs potential, and it can be expressed at the tree level as
Thus, m Hu of the order of the gaugino masses manages to generate the electroweak symmetry breaking at the correct energy scale, or m Z 0 = 91.2 GeV, with the µ parameter naturally implied by the GM term (10) . Here, the parameters in Eq.(13) are regarded to be values at the electroweak scale, while the RG evolution of µ from the electroweak scale 13 We assume that the change of the input scale from M GUT to M G does not disturb the hierarchy |m to the input scale is negligible in order estimation (see Eq. (18) in the Appendix).
In contribution and the remaining ones to the value of the µ parameter. In such a region, the µ becomes very small due to the cancellation.
From a cosmological point of view, the parameter regions with tiny µ may provide a natural explanation for the observed dark matter density [25] , since the lightest neutralino is a bino-Higgsino mixture for such regions and its relic abundance is in a cosmologically interesting range.
14 The discrepancy of the value of the µ parameter among computational codes is discussed in Ref. [24] .
Consistency of the tree-level B term
We have assumed the GM term as the origin of the µ parameter of the electroweak order.
Then, the SUSY-breaking Higgs mixing parameter B 0 is related to the A 0 parameter at the input scale. For the term (10), the tree-level relation is given by [19] 
In this subsection, we examine how this condition is satisfied in the electroweak physics.
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To study the matching condition Eq. (14), we take the following procedure: We first fix sampling values of (m 0 , M i , A 0 , sgn(µ), tan β), and determine the required values of µ and B that reproduce m Z 0 = 91.2 GeV. In addition to Eq. (13), we have a relation
which is also obtained by minimizing the tree-level effective Higgs potential. By means of Eqs. (13) and (15), 16 we can obtain µ and B at the electroweak scale for the given mSUGRA parameters. Then, from the value of B at the electroweak scale, we compute the B parameter at the input scale (i.e. B 0 ) and compare it with B GM 0 in Eq.(14) to see whether or not the condition Eq. (14) is satisfied.
We find from Eq.(15) that the required value of B at the electroweak scale is given by
Hu |, |µ| 2 and sin 2β/2 ≃ 1/ tan β for tan β > ∼ 10.
In Fig.3 , we show numerical results on the value of B at the stop mass scale Q = Qt as a function of m 0 . By comparing it with the µ parameter in Fig.2 , we find that the value of B becomes very large when the value of µ becomes very small, as expected from
Eq.(16).
On the other hand, from the relation Eq. (14), we see
Thus Eq. (16) implies that the condition Eq. (14) can be satisfied for µ ∼ m 0 / tan β ≪ 15 A similar analysis is performed in Ref. [26] for small m 0 regions. 16 More precisely, their one-loop corrections are taken into account in the numerical analysis below. (15)). The gray shaded regions correspond to the parameters where the required value of µ is smaller than 700GeV, 500GeV, and 300GeV, respectively, from above. The dark shaded regions at the bottom-left represent the Higgs mass bound 114 GeV [27] , and the black shaded regions are excluded by the chargino mass limit, m χ ± ≥ 104GeV [28] . More generally, the figures imply that, in the large-cutoff theory, the tree-level relation 18 of the GM term (10) in mSUGRA can be satisfied for various parameters with m 0 ≫ |M i |, |µ|, which are consistent with the present observational bounds. Hence we conclude that the GM term works very well with our large-cutoff hypothesis.
Conclusions and Discussion
Gravity-mediated supersymmetry breaking and primordial inflation are expected to open windows into the Planck-scale physics through observations on superpartner spectra [1] and on temperature fluctuations of cosmic microwave background radiation [13] . In this paper, we have discussed realization of the large-cutoff theory in supergravity, which is possibly selected through inflationary dynamics. This large-cutoff hypothesis implies an mSUGRA spectrum with a large hierarchy between the universal scalar mass and the gaugino masses, m 0 ≫ |M i |. Very encouragingly, despite of relatively large masses of scalar particles, the electroweak symmetry breaking can occur at the correct energy scale with m 0 ≫ |µ| in phenomenologically viable parameter regions.
In the large cutoff hypothesis, the absence of the FCNC process is automatic, since all of the corresponding higher dimensional operators in the Kähler potential are suppressed by the large cutoff M * . In addition, with the current chargino mass bound, the hierarchical spectrum m 0 ≫ |M i |, |µ| predicts heavy sfermions at a few TeV, and hence the CP problem in the SSM is ameliorated. In most of the parameter region (m 0 ≫ |M i |, |µ|)
we are interested in, the lightest supersymmetric particle is a neutralino, which is a good candidate for the dark matter (see also the remark at the end of section 4.1).
Finally, let us comment on the origin of matters in the universe in the present scenario. The hierarchical spectrum implies that the mass of the gravitino is of the order of a few TeV. In this case, the primordial abundance of the gravitino should be suppressed not to disturb the Big-Bang Nucleosynthesis, which implies the reheating temperature T R < ∼ 10 6−7 GeV [29] . Hence, the baryon asymmetry must be provided at the corresponding low temperatures, T < ∼ 10 6−7 GeV.
